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Measuring Student Response to Instructional Practices (StRIP) in Traditional and Active Classrooms Abstract
Although some engineering instructors have adopted active learning in their teaching, many have not because they anticipate experiencing student resistance to it. This research paper explores how students resist active learning. As part of ongoing research, we have developed a survey instrument, the Student Response to Instructional Practices (StRIP) Survey, to measure undergraduate engineering students' resistance to active learning. While our other publications describe the instrument development procedures in more detail, the purpose of this paper is to understand how students in traditional and active learning classrooms respond differently to the survey questions. At a large public institution in the Southwestern United States, we studied three undergraduate engineering courses. One course in mechanical engineering served as the traditional course (n = 67 students), while the two other courses in electrical (n = 31) and mechanical engineering (n = 53) incorporated active learning (one used primarily group problem solving, while the other incorporated individual problem solving). Using quantitative methods, we conducted a Kruskal-Wallis test to determine if there were statistically significant differences between student responses in the three courses. Post-hoc testing determined which courses were statistically significantly different from each other for each survey item. The StRIP Survey successfully differentiated the two active learning courses (individual-level and group-level active learning). The StRIP Survey data also suggested that, on average, students respond positively to in-class activities and do not appear resistant. The StRIP Survey will continue to be used in more active learning classrooms, and future work will model student resistance.
Introduction, Rationale, and Research Questions
Over the last several decades researchers and curriculum developers in undergraduate STEM education have made enormous strides in developing knowledge about effective teaching and learning practices. For example, a recent meta-analysis of 225 studies found that, within all STEM disciplines, active learning instructional strategies consistently increase student learning and decrease failure rates 1 .Yet, the presence of this body of knowledge has not translated into widespread change in teaching practices.
Student resistance-and the fear of student resistance-are among the biggest barriers that instructors face when implementing active learning [2] [3] [4] . Student resistance, however, is just one possible affective response that students can have to active learning. Student reactions to teaching methods are not always negative, and the literature on student affective responses to nontraditional teaching methods is largely inconclusive [5] [6] [7] [8] [9] [10] [11] .The goal of our overarching research project is to explore the various student responses to active learning instructional practices and to contribute to an area of research that has not been well documented. In order to properly explore student responses, we developed the Student Response to Instructional Practices (StRIP) Survey to collect empirical data specifically focused on student resistance/responses. More traditional instructional practices are also included in the StRIP Survey to cover the breadth of instructional practices and their effects on student responses. This paper reports one aspect of our overarching project and explores the preliminary results of administering the StRIP Survey in traditional and active courses. Although the StRIP Survey was developed to explore classrooms that incorporated different types of nontraditional teaching methods, the research team was also interested in the results of using the StRIP Survey in a more traditional classroom. This research paper adds to our work on validating the StRIP Survey, as this paper compares student responses in traditional and active learning undergraduate engineering classrooms, and the data presented is drawn from a subset of data collected to pilot test our survey StRIP Survey. By administering the survey in both traditional and active courses, we will better understand how accurately students use the instrument to report the type of instruction they experience, how well the instrument captures student reactions to episodes of active learning instruction, and how effectively the StRIP Survey characterizes different types of instruction. The research questions are then:
 How does the Student Response to Instructional Practices (StRIP) Survey differentiate between traditional and various types of active learning courses?  What statistically significant conclusions can we make about the differences between the traditional and various types of active learning courses using the StRIP Survey?
The remainder of the paper starts with a brief literature review of student resistance with definitions of important terms. Second, an overview of the StRIP Survey development process is provided, followed by a description of the quantitative methods used to explore the research questions, an account of the research population, and in-depth view of the StRIP Survey. Statistical significance results are then presented, and the results are followed by a discussion on the interpretation and implications of the results. Survey and study limitations are noted. Finally, the major conclusions of the paper are presented with directions/suggestions for future work.
A Review on Student Resistance
Prior research on faculty decisions about their teaching practices [12] [13] [14] [15] [16] [17] has identified a number of instructor-reported barriers to the use of nontraditional teaching methods, including: (a) concerns about student resistance, (b) questions about the efficacy of the techniques, (c) concerns about preparation time, (d) concerns about ability to cover the syllabus. This project focuses on student resistance as the barrier in most need of additional research. While faculty concerns about the efficacy of active learning methods and other nontraditional teaching methods are a legitimate barrier, this efficacy has been documented exhaustively 1, [18] [19] and requires significantly less additional research. Similarly, faculty concerns about both preparation and class time have been addressed convincingly in the literature [20] [21] [22] [23] , so student resistance is an important remaining barrier to address.
Student resistance describes the negative student response or pushback to new instructional methods. According to Weimer, this student resistance takes a number of forms 24 . Passive, non-verbal resistance is characterized by an overwhelming lack of enthusiasm and may manifest as a failure to respond to instruction or refusal to participate in class activities. Students may also show resistance through partial compliance, symptoms of which include doing activities quickly in an attempt to get them over with and asking questions focused on what the instructor wants the student to do. Finally, students may show open resistance, characterized by emotional complaints, arguments, and objection.
Freeman et al., define active learning as instruction that "engages students in the process of learning through activities and/or discussion in class, as opposed to passively listening to an expert 1 . It emphasizes higher-order thinking and often involves group work." Prior research has confirmed faculty concerns that students do not always appreciate active learning teaching methods 16 . Weimer ascribes student resistance to the fact that active learning methods generally require more work on the part of the student, cause anxiety about students' ability to succeed in a new environment, and occasionally set expectations that students are not yet prepared to meet 24 . In addition, students may exhibit resistance because they judge (incorrectly) that active learning methods lead to decreased learning. In two different studies, students perceived that they did not learn as much from group discussions 25 and problem-based learning 26 as they would have from traditional lectures, despite assessment evidence to the contrary.
Active learning instruction is typically presented in contrast to traditional instruction, which is characterized as passive, lecture-based, and instructor-focused 1, [27] [28] [29] . Traditional instruction is generally expected by students and does not push students out of their comfort zone of being passive observers during class 30 . Thus, much less student resistance should be expected in a traditional class than in an active learning class.
StRIP Survey Development
The development process for the StRIP Survey involved six different phases; three of which are discussed in this paper: item generation, validity testing, and piloting of our protocol. During the initial development process of our instrument, we conducted an extensive literature review on the areas of non-traditional instructional practices (e.g., active learning), student resistance/response, and strategies to reduce negative student response, yielding an initial survey and observation protocol for exploring the effects of different types of classroom activities on student behaviors 31 .
During the validation phase, our classroom observation protocol allowed us to qualitatively explore our initial hypotheses surrounding student response to instructional practices to determine if our survey effectively and accurately captured the phenomena we observed in the classroom. Thus, the classroom observation protocol was only used in the initial stages of our project, after which the survey instrument was designed to capture information about students' responses to instructional practices in multiple types of classrooms at various institutions. We also subjected our protocol to expert review from three prominent researchers in the fields of active learning, student resistance, instrument design and psychometrics, and we conducted cognitive interviewing with student focus groups to assess the accuracy of the responses to our instrument items. Early qualitative results from the observation protocol indicated that they are variations in student engagement levels with the type of active learning (group versus individual) implemented in the classroom 31 .
Following our initial survey validation process, we piloted our protocol during the fall 2014 and spring 2015 terms. Our pilot testing included eight courses at four different institutions. Our pilot instrument asked students to describe both several aspects of the instruction they experienced (to allow for documentation of the nature of the class overall) as well as their reactions to episodes of active learning instruction. The StRIP Survey was administered three times throughout the semester, but this research paper only reports on the final survey given at the end of semester because it includes the responses about actual active learning experienced by students and their responses to it. More work will be done understanding the effects of administering the StRIP survey three different times throughout a course. For the pilot study, the research team chose both active learning and traditional instruction courses (i.e., mainly lecturestyle and instructor-focused practices). The inclusion of courses with both traditional and nontraditional instructional practices was useful for two reasons. First, since our instrument was designed to capture student response (i.e., positive, negative, and neutral response), rather than simply student resistance, to instructional practices, it was important to have both types of courses included in our pilot testing so that we could conduct exploratory and confirmatory factor analyses on our constructs of student response. Second, including both types of courses would allow us to further examine the differences in students' behaviors across the different types of courses, which is the focus of this paper.
Population, Survey Instrument, and Quantitative Methods
The pilot study presented in this paper was performed at a large public institution in the southwestern United States during the spring 2015 semester. The results from just one institution are analyzed to minimize variation effects from different institutional settings. Three courses were sampled: a mechanical engineering dynamics class (n = 67), a mechanical engineering programming and computer methods course (n = 31), and an electrical engineering introduction to computing course (n = 53). The n-values represent the total number of students who completed the StRIP Survey for that course. The dynamics course served as the "traditional" lecture course. The mechanical engineering programming and computer methods course was one of the active courses, and this course was unique in that the active learning strategies used included a high amount of "individual" problem solving. The electrical engineering introduction to computing course also served as one of the active courses, and this course contained a high amount of "group" problem solving. For the remainder of the paper, these courses will be referred to as "traditional," "individual," and "group." Preliminary qualitative observations of the courses verified that these courses fit these characteristics, and the course instructors also confirmed these characteristics reflected their type of teaching. The three courses sampled are summarized in Table 1 . The traditional and individual courses were predominantly taken by second year students, while the group course was taken by predominantly first year students ( Table 1 ). All three courses contained predominantly men; the overall percent breakdown is provided in Table 1 . The StRIP Survey contained multiple sections and took an average of fifteen minutes to complete. The first section focused on students' responses to instructional practices or in-class activities (Figure 1) , the second section focused on how the students perceived the administration of in-class activities by the instructor (Figure 2) , the third section directly asked students to measure overall satisfaction with the course and the instructor (Figure 3) , the fourth and fifth sections asked students what final grade they expected in the course and the number of courses they have already taken with in-class activities (Figure 4) , and the sixth section asked students to report the frequency of in-class activities and indicate which in-class activities would comprise their ideal course ( Figure 5 ). Students responded using paper versions of the StRIP Survey, and we tabled the results in Microsoft Excel. Missing answers were coded as "0" and removed from statistical analysis. Answers were predominately coded on a numerical scale from 1 to 5 for most of the survey sections. For section 4, a numerical score for their expected grade was calculated with the scheme shown in Table 2 . Also for section 4, numerical scores for the number of prior course with in-class activities were coded to a scale from 1 to 5 shown in Table 3 .
Quantitative data analysis was performed in R version 3.2.
2. In order to analyze categorical Likert data, non-parametric tests were used. We used the Kruskal-Wallis test to determine if there was a difference in distribution between any of the three courses and a Posthoc Nemenyi test with Tukey distribution to determine which courses were statistically significantly different. For the majority of the StRIP Survey results, only statistically significant difference items are presented to compare the three courses. 
Results of Administered Survey
To allow a more coherent narrative, here we present results are presented in a different order than the StRIP Survey section order.
Amount of Prior Classes Taken with In-class Activities
To explore a possible alternative explanation of our results, we asked students the amount of prior classes they have taken with in-class activities or active learning components (Figure 4 ). There was no statistically significant difference between the three courses using the KruskalWallis test (p = 0.2675, Χ 2 = 2.64, df = 2). All three groups had a mean score around 3 with a standard deviation of 1, indicating that students encountered active learning in "about half of my college courses." Thus, students in all three courses had roughly the same amount of active learning experiences. We asked students to report how frequently in-class instructional activities occurred in the classroom under study ( Figure 5 ). Table 4 presents the ten survey items for which student responses were statistically significantly different (Kruskal-Wallis test) for the three class types and provides an identifier (Post-hoc Nemenyi test) to indicate where the difference occurred. For the activity, "solve problems in a group during class," we see that there is a statistically significant difference between the classes (p < 0.001, Χ 2 = 53.35, df = 2) and that the difference appears for all courses when compared pairwise (Post-hoc Nemenyi test; p < 0.05). As illustrated on the table, eight of the other activities are significantly related to either group, individual, and traditional courses, and the last item, "preview concepts before class by reading, watching videos, etc." shows no statistically significant differences between any two courses. Thus, these analyses verify that the StRIP Survey was able to correctly characterize the individual and group problem solving courses. Surprisingly, the traditional course did not pick up the post-hoc identifier for the more traditional instructional practice items such as: "listen to the instructor lecture during class," "get most of the information needed to solve the homework directly from the instructor, and "watch the instructor demonstrate how to solve problems." "Listen to the instructor lecture during class" and "get most of the information needed to solve the homework directly from the instructor" inclass activity items are not on Table 4 since these two items were not statistically significantly different between the three courses (p > 0.05) which means that these items were similarly applied between the three courses. Overall, the group and individual problem solving courses appeared to be correctly identified, but the traditional course could have more items suggesting the more lecture based nature of the course. However, at least some amount of regular lecturing is to be expected in any type of engineering course.
Different In-Class Instructional Practices

Differences in Students' Ideal Course
Students were also asked to describe their ideal course ( Figure 5 ). Only three items demonstrated statistically significant difference ("Be graded on my class participation," "Take initiative for identifying what I need to know," and "Solve problems that have more than one correct answer."), but none of them showed pairwise differences. Thus, this item is not helpful for our current analysis.
Evaluation of the Course and Instructor
Students were asked to evaluate both the course and their instructor (Figure 3 ). There were statistically significantly differences between the three courses (Table 5) . Table 5 provides the results of the two survey items. Overall, all students evaluated both the course and instructor highly. 
Expected Grades
One way to describe each of the courses was to ask students, "what final grade do you expect to receive in this course?" (Figure 4 ). The Kruskal-Wallis test depicted a statistically significant difference between the groups (Χ 2 = 0.032, p = 0.032, df = 2). Table 6 presents the average expected grade by course. 
Administration of In-Class Activities
In order to determine how in-class activities were administered for each course, students were asked to rate the administration of the in-class activities by the instructor (Figure 2 ). There were a few statistically significantly different items, and these items are listed in the Table 7 . However, none of these items showed significant pairwise differences. 
Student Response to In-class Activities
Finally, results from asking students how they responded to in-class activities are provided (Figure 1) . Table 8 provides statistically significant items for students' responses to inclass activities. Table 8 items are categorized by whether or not the student response to in-class activity item was positive or negative. Although there were differences in variance between the three courses, no post-hoc identifiers were found linking one of these items to a course, as no course was statistically significantly (p < 0.05) different from both the other two courses.
Overall, it appears that students do respond positively to in-class activities, as means scores are higher for positive type items and lower for negative type items. Table 9 provides the remaining response to in-class activity items, and these items are not statistically significant in terms of the distribution of scores between all three courses. However, Table 9 is provided to show that the general trend of positive reactions to in-class activities also carries through to the remaining student response to in-class activities items. 
Discussion and Interpretation of Results
The StRIP Survey was successful in identifying the group and individual problem solving active learning classrooms. The group problem solving course was identified with five StRIP Survey in-class activities items, and the most telling of these items were "solve problems in a group during class," "work in assigned groups to complete homework or other projects," "discuss concepts with classmates during class," and "be graded based on the performance of my group" (Table 4 ). The individual problem solving course was only identified with one item: "solve problems individually during class" (Table 4) . These results support the ability of the StRIP survey instrument to distinguish between different types of active learning classrooms, as the group problem solving course reported a higher average occurrence of group related items, and the individual problem solving course had a higher average of individual problem solving.
Building on this work, further analysis will combine these in-class instructional StRIP Survey items into factors such as group activities, student led activities, passive instruction, and active based instruction.
However, the StRIP Survey was not strongly able to differentiate the traditional course from the other two courses in terms of actual instructional practices. Although this may appear to be a loss, the StRIP Survey was not developed for the purpose of being administered in traditional classrooms. Rather, the StRIP Survey was developed to explore student resistance to active learning in undergraduate engineering classrooms. Since the traditional course did not appear very traditional in the StRIP Survey results, we looked for additional validation that the traditional course was actually lecture based in nature. We asked the instructor at the end of the semester about the course, and the instructor of the traditional course re-stated that the course is mainly lectured based with example problems related to his own research. The instructor of the traditional course made sure he learns the names of his students and encourages his students to do well. It is not surprising then that the students responded and evaluated his course well (Table  5 ). In any case, it appears that the traditional course in this data set is an example of a particularly good lecturer and may not be generalizable to typical traditional courses and did not warrant negative student responses, if any. It is also possible that our careful item wording of "when the instructor asked you to…" caused students to focus their responses to the few instances in the traditional course of when the instructor used in-class activities.
The data reveal some interesting patterns about how students react to class activities in these different learning environments. In this data set, students responded positively to in-class activities in all three courses. This is an important finding for faculty concerned that students will view active learning as a departure from the instructor's teaching responsibility. Some instructors are concerned that students feel that they are paying (tuition) for the instructor's expertise, not to learn from other students or to engage in learning activities they could do just as easily outside of class 24 . None of these concerns were supported by the current data set. One might say that the traditional course did not implement very much or any in-class activities and still received very positive results. It may be the case that the traditional course instructor was an excellent instructor, and students responded well regardless of what the instructor did, but these preliminary results still suggest that students do not negatively respond or resist in-class activities as much as faculty members and instructors have originally thought.
Other sections of the StRIP Survey provided additional information that can be related back to student responses and administered instructional practices. Information such as expected grades, ideal instructional practices, prior amount of classes taken with in-class activities, and how in-class activities were administered by the instructor can be correlated back to how students responded to instructional practices. These correlations were not tested in this preliminary analysis, but it is important to note that these information will be useful in further detailed statistical analysis. Although some information can be gleaned from these sections, such as students in group and individual problem solving courses expected higher grades on average than the traditional course (Table 6) , none of these sections provided compelling significant differences between the three courses when pairwise testing was used. In terms of drawing conclusions between the three courses, the strongest differences lie in terms of actual instructional practices. Although there are statistically significant differences between the three courses in other sections of the StRIP Survey, these differences are not strong enough to make conclusions that one course is much different than the two other courses in terms of student reactions, instructor strategies, or student characteristics. Thus, this research paper does not claim that traditional and active courses are better or worse than each other, but rather, this research paper suggests that the StRIP Survey can be used in active learning courses to differentiate types of in-class instructional practices as well as support for the lack of student resistance to in-class activities.
Survey Limitations
Several limitations should be acknowledged. Generalizability of the results is limited due to the relatively small sample size, low number of courses and engineering disciplines, and single institution setting. Although some frameworks exist for characterizing undergraduate STEM instruction, theories and instruments are not particularly well-developed to support claims about the types of instruction (traditional, group active and individual active) we studied and how representative they are of engineering instruction nationally. Similarly, the sample is not large enough to understand the effects of varying instructor rank/experience level and other course characteristics including laboratory and recitation sections. Nonetheless, we reported results for three different courses and explored alternative explanations which lay the foundation for future work.
The StRIP Survey is still in iterative development to refine factors to describe instructor strategies, student participation and other outcomes. Here, we analyzed and reported the results for individual survey items, which might overestimate differences between the courses. More work will be done to at the factor and construct level in order to explore the different modalities of student resistance and responses to active learning. Collapsing multiple survey items into a factor will allow more reliable and valid statistical conclusions, and currently we are exploring four types of student responses to active learning: participation, value, emotion, and evaluation. We focused our discussion on statistically significant differences, which may ignore other important differences. Results only analyze post survey data only; more information may be gleaned from analyzing survey data from earlier in the semester (which is ongoing).
Conclusion of Study and Future Work
Understanding and reducing student resistance and other negative responses to in-class active learning was the rationale for our project, and this pilot study allowed us to explore how the StRIP Survey performs in traditional and active classrooms. Our research data suggests that the StRIP Survey can differentiate types of active learning courses (e.g., using mostly individual or group-based activities), but it cannot easily identify traditional lecture classes. However, since our instrument is designed for studying active learning courses, this is not critical. Our research also suggests that students responded positively to in-class activities, whether they were implemented in an active or traditional course. This is an important finding to add to the literature about student resistance, since this indicates that students are not as resistant as previously believed. In addition, these are important findings for faculty concerned that students will view active learning as shirking teaching responsibility.
Testing the differences between traditional and active learning courses using the StRIP Survey was important for validating our future results and for understanding how students answer the StRIP Survey. The power and utility of the StRIP Survey lies in its ability to be used in active learning courses and to describe the types of responses students have to in-class instructional practices. We will continue to administer the StRIP Survey in active learning classrooms to better gauge the different types of responses in other active learning classrooms. In the next phase of our study, we plan to collect data from introductory engineering courses across 20 institutions in US. These 20 courses will provide a diverse set of classrooms differing in several aspects including but not limited to institution type, implemented active learning techniques, and class size. Further data analysis will use factor analysis, correlations, and regression modeling to tease out what factors influence a student's response to an in-class activity, and this type of data analysis will combine courses together to try to accurately model student responses.
